Introduction
Recently a-SiGe:H al1oys has been widely studied for a narrow band gap material for tandem structure solar ce11s. An improvement of a-SiGe:H pin ce11, which is used for a bottom cell in the tandem structure, is the key to obtain high l\ efficienciesi'The bottom ce11 has to have such high collection efficiencies at long wavelengths that can drive the equal photocurrent to the upper-1ayer ce11s through which the incident light cornes in. For this purpose, a narrow band gapr less than 1.5 eV is desirable. Increasing Ge content in the alloy, in order to lower the Egopt , it is known that the gap states density of the filrn i.ncreases. Under strong illumination the population of these states may ehange and give rise a change in space charge distribution in the i-layer, and hence a field distribution which influences on the wavelength dependence of the collection efficiencies. And the distribution could be altered by the penetration depth of the i1 lumination.
We have found that, in a-SiGe:H pin cells, the changes in spectral response are quite drastic and anomalous as will be shown in the following f)iscussions Now 1et us try to explain these results. The differense at short wavelengths between the response with and without the red bias illumination, shown in Fig.2 , indicates an existense of series resistanse in a deep portion t\ of i-Iayer'j The red bias light, which can penetrate the whole thickness of the of i-1ayer, lowers the series resistance by a high photoconductivity of the fi1m, thereby improves the short-wavelength response. The series resistance and the negative response in Fig.4 (b) indicate an existence of a field free portion in the i-layer in the dark. A tentative sketch of a relevant band profile is shown in Fig.5 (a) . The band profile can be changed by a bias illumination in a way depending on its penetration depth. The blue illumination seems to weaken the electric field near the surface region, as sketched in Fig.  5 (b) , judging from the diminished blue response under blue or white bias light. Under the red bias illumi.nation, the field distribution through the i-1ayer is essentially unchanged from that in dark, because the photogeneration of carriers takes place uni-form1y.
The reverse bias voltage, -1 V, eliminates the effects of the bias illuminations, by increasing electric field throughout the i-layer resulting 
Conclusion
It has been shown that the spectral responses of a-SiGe:H pin type solar ce11s are changed by the color of the bias illumj-nation. In particular , under the blue bias light, an anomalous enhancement at long wavelength was observed. A redistribution of the space charge and hence the field distortion in the i-1ayer due to the bias illumination is responsible for the above mentioned change. And the enhancement is caused from the series resistance modulation by Iong wavelength probing 1ight. Red illumination must be used in evaluati.ng characteristics of a*SiGe:H pin cells, if it i-s intended as a bottom cell in the tandem structure. Because conversion efficiencies measured under AM-1 light have no paral1el relation to that measured under red light which is real operating condition of the bottom ce11 in the tandem structure.
